In this study, calcium oxide were synthesized from fish bone waste and the optimum condition: catalyst amount, reactor temperature, and methanol to oil ratio (molar) for biodiesel production were studied. The calcium oxide (CaO) derived from fish bone wastes was then supported on polyvinyl alcohol (PVA) to easily separate the catalyst and biodiesel. Fish bone were dried in oven at 70 o C for 24 h before calcination process at 900 o C for 4 h. The biodiesel yield was studied by varying three parameters, namely methanol to oil ratio (molar) (6:1 -20:1), amount of catalyst (1-10 wt%) and temperature (55-65 o C). The highest fatty acid methyl ester (FAME) yield obtained from this study was at 80.40 % with catalyst amount of 10 wt%, methanol to oil ratio (molar) of 20:1, and temperature of 65 o C.
Introduction
Increase in demand of petroleum-based fuel, global warming and higher petroleum prices leads on the search of alternative and renewable sources. Researcher found that biodiesel is the best alternative source to substitute conventional fuel since it has almost similar properties of combustion with petroleum diesel. Besides that, biodiesel is more environmental friendly compared to automotive fuel because it emits less amount of sulphur dioxide than conventional fuel.
Biodiesel can be produced from animal or vegetable oil is via transesterification or alcoholysis. Animal fats or vegetable oil is reacted with alcohol such as methanol or ethanol with the presence of catalyst to form ester (biodiesel) and glycerol. The main function of catalyst in transesterification is to increase the reaction rate and yield of product [1] . Biocatalyst, heterogeneous and homogeneous catalysts are commonly used in biodiesel production. Sodium hydroxide (NaOH), hydrochloric acid (HCl), and potassium hydroxide (KOH) are example of homogenous catalysts. These type of catalyst provides shorter reaction time and able to produce high FAME yield at mild conditions [2] . Unfortunately, homogenous catalysts have some drawbacks, such as: produces large amount of wastewater and it cannot be reused which leads to high production cost [3] . Heterogeneous catalyst offers many advantages that can overcome problems of homogenous catalyst. At the end of the transesterification process, the separation of heterogeneous catalyst is easier compared to homogeneous catalyst. Besides that, heterogeneous catalyst can be reused several times, which reduces the production cost. Heterogeneous catalyst can be produced from restaurant wastes like fish bone, eggshell, chicken bone, and crab shell. Usually, these wastes are disposed and rich of calcium carbonate. This proves that this wastes can be a good substitute as catalyst in biodiesel production [4] .
Naturally, bones contains of 70 % of inorganic minerals, 20 % of organic matter and 10 % water while fish bone contains 60 to 70 % of inorganic substances mainly comprised of hydroxyapatite and calcium phosphate [5] . Fish bones contains high mineral contents which is about 34-36 % of calcium [3] . Like others raw materials, fish bone needs to undergo calcination process in order to produce CaO. Biodiesel/FAME yield of 97.73 % was obtained at 2 h from reaction of methanol and soybean oil when CaO derived from fish bone (1.01 wt%) catalyst was used [6] . This indicates that the restaurant or household wastes can be utilized to produce catalyst for biodiesel production.
This study aims to develop a heterogeneous catalyst from fish bone waste supported with polyvinyl alcohol (PVA) to ease the biodiesel and catalyst separation and to determine the optimum condition, such as: catalyst amount, reaction temperature, and methanol to oil ratio (molar). Heterogeneous catalyst has many advantages including does not produce wastewater, being reusable and can reduces the overall cost of production.
Materials and Methods

Material Preparation
Fish bone wastes (any type) were collected from cafetaria in International Islamic University Malaysia (IIUM) Gombak. Then, fish bones were dried in the oven at 70 o C for 24 hours in order to remove the water and excessive moisture. Fish bones were grounded and crushed by using mortar until they turned into powder. Then, powdered fish bones were calcined using muffle furnace at 900 °C for 4 h. The calcined sample was kept in desiccator.
Preparation of CaO/PVA
Two grams of polyvinyl alcohol powder were added slowly into 50 mL of water to avoid the formation of lumps. The solution was heated at 90 °C about 2 hours under continuous stirring at 200 rpm until aqueous polyvinyl alcohol was obtained. After aqueous polyvinyl was obtained, the calcined fish bones were added into the aqueous polyvinyl alcohol. Then, the solution was allowed to dry at room temperature. Sample of 1×1 cm was prepared.
Transesterification Process
Palm oil, methanol, and catalyst were poured into the shake flask and were placed in the incubator shaker for 3 hours at agitation speed of 200 rpm. After 3 hours, catalyst was filtered and the solution was left overnight in the oven at 60 °C to remove the excess methanol. The resultant mixture was left in the separatory funnel for separation process. There were two layers formed; upper layer was biodiesel and bottom layer was glycerol. The bottom layers were discarded to obtain the biodiesel. The biodiesel composition was determined using Agilent 6890 GC. 1 mL of sample was diluted with 3.9 mL n-hexane and 1 mL of sample was injected into GC and process. The yield of fatty acid methyl ester (FAME) was calculated by using Equation (1): (1)
Experimental Design
The optimization of biodiesel production was performed using Design Expert 6.0.7 (StatEase Inc., USA). Factorial Central Composite Design (FCCD) was used to optimize the biodiesel yield with three central points and 17 runs. Table 1 indicates the experimental design for optimization. The reaction time was kept constant at 3 hours.
Reusability
The reusability of the catalyst was determined by repeating transesterification cycle. After 4 hours of the transesterification reaction, the catalysts were separated from the mixture and were washed with double distilled water. Then, it was washed with acetone and finally it was dried in an oven at 50 °C [7] .
Results and Discussion
Optimization of Transesterification Process
The optimization for the biodiesel yield was performed using Factorial Central Composite Design (Design Expert 6.0. 
Where A, B, and C represent methanol to oil ratio, amount of catalyst (wt%), and temperature (°C), respectively. The positive signs indicate synergies effect while the negative signs justified the antagonistic effects. From the Equation (1), A, B, C, A 2 , AB, AC, and BC, were positive which were crucial in increasing the FAME yield while B 2 and C 2 were negative. Table 2 shows the ANOVA for respond surface quadratic model. The model implied that it was significant, since the model F-value was 20.40. The model was considered as significant due to the value of Prob > F less than 0.05. The significance of each regression coefficient and the interaction effect of each cross product can be determined through probability error or known as p-value [8] .
The B, A 2 , and AC were significant model terms for this case. The model terms were considered not significant if the values greater than 0.1000. Lack of fit (2.35) showed not significant relative to the pure error. There was a 32.48% chance that a lack of fit F-value this large could occur due to noise.
The R-squared for this model was 0.9633, which indicated that 96.33 % of total variation in FAME yield was attributed to the experimental variables was studied. The "Pred R-squared" for this model was 0.7546 and it showed that this Pred R-squared value was in reasonable agreement with the value of Adj RSquared which was 0.9160. Signal to noise ratio showed 16.63 which is greater than 4 and this model could be used to navigate the design space. Figure 1 shows the effect of amounts of catalyst and methanol to oil ratio (molar) used in transesterification process. The biodiesel yield of 78.63 % was obtained with catalyst amount of 10 wt%, temperature of 60 o C and methanol to oil ratiol of 20:1. The yield decreased slightly when methanol to oil ratio (molar) was decreased. This might occur due to the excess of methanol which increases the concentration of glycerol and led to the difficulty in separation process [9] , 14 (1), 2019, 156 Copyright © 2019, BCREC, ISSN 1978-2993 increase in methanol to oil ratio (molar) has no significant impact on the biodiesel yield. Figure 2 shows the relationship between of catalyst and temperature. The higest yield of biodiesel was obtained at 74.70 % when other parameters was fixed at catalyst amount of 10 wt% , methanol to oil ratio (molar) of 13:1, and temperature of 65 o C. The lowest yield of biodiesel was donated by transesterification with catalyst amount of 5.5 wt% and reaction temperature of 55 o C. More active sites available in the reaction when the catalyst amount was added and this led to the increasing of fatty acid methyl ester production [10] .
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Three-dimensional response surface in Figure 3 showed the effect of methanol to oil ratio (molar) with temperature in conversion of oil to biodiesel process. Figure 3 shows the yield increases when methanol to oil ratio (molar) and temperature had been increased with catalyst amount of 5.5 wt%. The biodiesel yield increased significantly up to 74.52 % at temperature between 55 to 65 o C with methanol to oil ratio (molar) of 20:1 while the lowest biodiesel yield which is about 59.67 % was donated by methanol to oil ratio (molar) of 6:1 with temperature at 55 o C. Further increase of temperature led to the decrease of biodiesel produced due to the evaporation of methanol [11] . Sulaiman et al. [12] reported that the highest yield of 86 % was achieved using CaO derived from fish bone. In another study, it is mentioned that the best catalytic activity was achieved with maximum biodiesel yield of 93 % in the transesterification of waste cooking oil at 4 % (w/v) of catalyst loading by adding hexane as a cosolvent [13] . This proves that the fish bone can be utilized as catalyst and to enhance the yield, some modification is needed.
Model Fitting Validation
The percentage error of this model could be determined by performing the validation. The solution suggested that catalyst amount of 10 wt% with methanol to oil ratio (molar) of 20:1 and temperature at 65 o C produced 81.30 % of biodiesel. The biodiesel yield obtained from this solution was 80.40 %. Then, the percentage error calculated was 1.11 %.
Reusability Test
The reusability test showed that the yield was around ~80.4 % when it was used up to 5 times with fixed reaction parameters; methanol to oil ratio (molar) of 20:1, catalyst amount of 10 wt% and temperature at 65 o C. Beyond that, the yield showed a drop ~5 %. The results concluded that the catalyst could be reused up to 5 times with a slight difference in the yield.
Conclusion
The highest biodiesel yield of 80.40 % was obtained at the optimum conditions of methanol to oil ratio (molar) of 20:1, catalyst amount of 10 wt%, and temperature at 65 o C. Fish bone wastes demonstrates high potential to be used as a catalyst for biodiesel production by transesterification of palm oil, because it contains calcium oxide. Furthermore, the separation between catalyst and biodiesel were easy.
